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Abstract
Based on the picture that the f0(1370), f0(1710), f2(1270), f
′
2(1525), K¯
∗0
2 (1430) resonances
are dynamically generated from the vector-vector interaction, we study the decays J/ψ →
φ(ω)f0(1370)[f0(1710)], J/ψ → φ(ω)f2(1270)[f ′2(1525)], and J/ψ → K∗0K¯∗02 (1430) and make pre-
dictions for seven independent ratios that can be done among them. The starting mechanism is
that the J/ψ decays into three vectors, followed by the final state interaction of a pair of them.
The weights of the different three vector primary channels are obtained from the basic assumption
that the J/ψ (cc¯) is an SU(3) singlet. By means of only one free parameter we predict four ratios
in good agreement with experiment, make two extra predictions for rates yet unmeasured, and
disagree on one data for which only upper bounds are reported. Further measurements are most
welcome to complete the information required for these ratios that are testing the nature of these
resonances as dynamically generated.
1
ar
X
iv
:1
90
9.
10
76
4v
1 
 [h
ep
-p
h]
  2
4 S
ep
 20
19
I. INTRODUCTION
The undeniable success of the quark model to put in order the bulk of hadronic states
[1–5] has not precluded that some states show a richer structure than the standard qq¯ meson
and qqq baryon composition. Many different structures have been proposed to understand
different hadronic states, as tetraquarks, pentaquarks, hybrids, molecules (see recent reviews
on these topics [6–14]). The molecular picture to describe many hadronic states [9] received
an undeniable boost, with a broad consensus reached that the recently observed pentaquark
states [15] are of molecular nature [15–31], as originally predicted in Ref. [32].
It is fair to recall that there are also many such cases of molecular nature in the light
sector. The case of light scalar mesons, f0(500), f0(980), a0(980), as dynamically gener-
ated resonances from the pseudoscalar-pseudoscalar interaction [33–36] has received much
attention (see reviews [37, 38]). So is the case of axial vector mesons, generated from the
interaction of pseudoscalar and vector mesons [39, 40], or particular baryons like the two
Λ(1405), N∗(1535), · · · , generated from the meson-baryon interaction [41–49].
With so much work done in these sectors, it is surprising that the interaction of vector
mesons among themselves has received comparatively much less attention. The reason prob-
ably is that the chiral Lagrangians [50, 51] do not deal with the interaction of vector mesons
among themselves and the works reported before rely upon the chiral Lagrangians using a
unitary extension that matches them at low energies.
The link of the former works to the vector-vector interaction can be traced to the work
of Ref. [52], where it was shown that the chiral Lagrangians up to O(p4), and implementing
vector meson dominance, can be equally obtained using the local hidden gauge approach
[53–56] through the exchange of vector mesons. The local hidden gauge approach, dealing
explicitly with vector mesons, provides the tools for the vector-vector interaction through
a contact term and the exchange of vector mesons. This formalism was used in [57, 58] to
study first the ρρ interaction [57] and then extended to SU(3) [58]. As a consequence of
that, vector-vector bound states that decay into lighter mesons were found in these works,
and the f0(1370), f2(1270), f0(1710), f
′
2(1525), K¯
∗0
2 (1430) resonances, among others, were
generated within this approach. The consistency of this picture with many reactions where
these resonances are produced has been tested, for instance, in B¯0 and B¯0s decays [59],
photoproduction of the f2(1270), f
′
2(1525) [60, 61], the coupling of f0(1370) and f2(1270) to
2
γγ [62], the J/ψ decay into φ(ω) and some of these resonances, together with decay to K∗0
and the K¯∗02 (1430) [63], and the production of these resonances in ψ(nS) and Υ(nS) decays
[64, 65].
In the present work we want to retake the issue of the J/ψ decay [63]. In that work we
introduced some Lagrangians, involving transition of J/ψ to three vectors by analogy to a
similar work in J/ψ → φ(ω)PP , with P a pseudoscalar meson, where the PP mesons interact
producing the f0(500) and f0(980) resonances [66–68]. In Refs. [66] and [67] two different
formalisms, although equivalent, were used to study the process. In between, different
methods, based on the cc¯ character as a singlet of SU(3) have been developed, which are
conceptually easier. Indeed, in Ref. [69], where the J/ψ → η(η′)h1(1380) BESIII reaction
has been studied [70], the basic ingredient is the J/ψ → V V P (V for vector) transition,
followed by V P interaction that, according to [39, 40] generates the axial vector mesons.
The J/ψ is assumed to be an SU(3) singlet and then two structures are used 〈V V P 〉 and
〈V V 〉〈P 〉, with V and P the SU(3) matrices of vectors and pseudoscalars in SU(3), and
〈〉 standing for the trace of these matrices. The formalism of Ref. [69] is shown to be
equivalent to those of Refs. [66, 67], yet technically easier, and more intuitive, with the
dominant 〈V V P 〉 contribution found to be equivalent to the main term in Refs. [66] and
[67].
The dominance of the trace of three mesons has also been established in the χc1 decay
into ηpi+pi− [71], where the 〈PPP 〉 structure for primary production of three pseudoscalars
in the χc1 decay is followed by the interaction of PP pairs to produce the a0(980) and the
f0(500) resonances [72]. Similarly, the 〈V V P 〉 structure has also been tested as the dominant
one in the study of the χcJ decay into φh1(1380) [73], where φ is a spectator and the other
V P pair interacts to produce the h1(1380) [74].
In the present work we want to study the J/ψ decay into φ(ω) and vector resonances
that come from the vector-vector interaction. We then assume that the J/ψ(cc¯) is an SU(3)
singlet and take the 〈V V V 〉 primary production, followed by the interaction of the V V pairs.
We shall also consider a possible small contribution of the 〈V V 〉〈V 〉 structure, which has
some similarity to the 〈V V 〉〈P 〉 structure of [69], but cannot be taken from there since these
correspond to different structures.
The issue of the vector-vector interactions has been vindicated recently after the debate
created by the works [75, 76] questioning the f2(1270) as a ρρ molecular state. The claims
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of these works contradict basic Quantum Mechanics rules because the f0(1370) state was
produced in Refs. [75, 76], as in Refs. [57, 58], and the potential in the J = 2 sector is
more than twice bigger than for J = 0 and attractive, hence the f2 state should be more
bound than the f0, as is the case in Refs. [57, 58]. Without entering the discussion here,
the steps that invalidated the approaches of Refs. [75] and [76] were disclosed in Refs. [77]
and [78], respectively, and at the same time an improved method was proposed which, after
small refitting in the cutoff used to regularize the loops, produced the f2(1270) as a bound
ρρ state, and very importantly, produced couplings of the f2 to ρρ practically identical to
those found in Refs. [57, 58]. With this reassurance, we shall continue to use the couplings
and G functions of Refs. [57, 58] which are needed as input for the calculations that we
perform here.
Apart from the new perspective and formalism discussed above, there is one more reason
to retake this problem since new data are available. Then we shall evaluate the rate for
J/ψ → φ(ω)f0(1370)[f0(1710)], J/ψ → φ(ω)f2(1270)[f ′2(1525)], and J/ψ → K∗0K¯∗02 (1430)
and from there we shall evaluate ratios that we will compare with experiment.
This paper is organized as follows. In Sec. II, we explain how the J/ψ first decays into
three vector mesons and then a pair of them rescatter to generate dynamically the f0(1370),
f0(1710), f2(1270), f
′
2(1525), and K¯
∗0
2 (1430). We then construct seven ratios to eliminate
unknown couplings and fix one remaining relative weight by fitting to four experimental
known ratios and make predictions for three remaining ones in Sec. III. Followed by a short
summary and outlook in Sec. IV.
II. FORMALISM
We study first the J/ψ → V V V transition for which we will have the operator C〈V V V 〉
mixed with Cβ〈V V 〉〈V 〉, with C a normalization constant and β a parameter to fit to the
data. The matrix containing the nonet of vector mesons can be written as,
Vµ =

1√
2
ρ0 + 1√
2
ω ρ+ K∗+
ρ− − 1√
2
ρ0 + 1√
2
ω K∗0
K∗− K¯∗0 φ

µ
Then, we can construct the trace, 〈V · V V 〉, and look at the terms which accompany the ω,
φ and K∗0 mesons. We find,
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1) for ω meson
ω√
2
{
3ρ0ρ0 + 3ρ+ρ− + 3ρ−ρ+ + ωω + 3K∗+K∗− + 3K∗0K¯∗0
}
, (1)
2) for φ meson
φ
{
3K∗+K∗− + 3K∗0K¯∗0 + φφ
}
, (2)
3) for K∗0 meson
K∗0
{
3ρ+K∗− − 3√
2
ρ0K¯∗0 +
3√
2
ωK¯∗0 + 3φK¯∗0
}
. (3)
It is convenient to write these in terms of isospin states in order to use the information of
Ref. [58]. We have the isospin multiplets (−ρ+, ρ0, ρ−), (K∗+, K∗0), (K¯∗0,−K∗−) and then
|ρρ, I = 0〉 = − 1√
6
|ρ0ρ0 + ρ+ρ− + ρ−ρ+〉 ;
|ωω, I = 0〉 = 1√
2
|ωω〉 ; |φφ, I = 0〉 = 1√
2
|φφ〉 , (4)
where we introduced the extra 1/
√
2 factor of the unitary normalization for identical parti-
cles,
|K∗K¯∗, I = 0〉 = − 1√
2
|K∗+K∗− +K∗0K¯∗0〉 , (5)
|ρK∗, I = 1/2, I3 = 1/2〉 =
√
2
3
|ρ+K∗−〉 −
√
1
3
|ρ0K¯∗0〉 . (6)
From Eqs.(1-3) and (4-6) we find the weight for |ρρ, I = 0〉, |K∗K¯∗, I = 0〉, ωω and φφ
production in isospin basis as
hωρρ = −3
√
3
2
; hωK∗K¯∗ = −3 ; hωωω = 3 ; hωφφ = 0 ,
hφρρ = 0 ; hφK∗K¯∗ = −3
√
2 ; hφφφ = 3
√
2 ; hφωω = 0 ,
hK∗0ρK¯∗ = 3
√
3
2
; hK∗0ωK¯∗ =
3√
2
; hK∗0φK¯∗ = 3 , (7)
where the symmetry factor n! for production of n identical particles has been taken into
account.
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A. Terms with 〈V V 〉〈V 〉
Alternatively, we can see what weight we get with the 〈V V 〉〈V 〉 structure. In this case
we find that
〈V V 〉〈V 〉 ≡ (
√
2ω + φ)
{
ρ0ρ0 + ρ+ρ− + ρ−ρ+ + ωω + 2K∗+K∗− + 2K∗0K¯∗0 + φφ
}
, (8)
and the weights are now
h′ωρρ = −
√
3 ; h′
ωK∗K¯∗ = −4 ; h′ωωω = 6 ; h′ωφφ = 2 ,
h′φρρ = −
√
3
2
; h′
φK∗K¯∗ = −2
√
2 ; h′φφφ = 3
√
2 ; h′φωω =
√
2 ,
h′
K∗0ρK¯∗ = 0 ; h
′
K∗0ωK¯∗ = 2
√
2 ; h′
K∗0φK¯∗ = 2 . (9)
B. Production of resonances
The production of the resonances proceeds as described graphically in Fig. 1
J/ψ
ω(φ)
Vi
R
V ′i(a)
J/ψ
K∗0
Vi
R
V ′i(b)
FIG. 1. Mechanisms to produce the resonance R together with a φ (ω) (a) or a K∗0 (b).
Analytically we can translate the mechanism of Fig. 1 into the transition matrix
tj = C
∑
i
hiGi(MRj) gRj ,i , (10)
where hi are the weights calculated before for the different intermediate channels, Gi is the
loop function of the two intermediate mesons and gRj ,i are the couplings of the resonance
gRj to these channels i. This information we obtain from Ref. [58] and is shown in Table I,
together with the same uncertainties in Table II that were evaluated in [63].
If we consider the 〈V V 〉〈V 〉 structure, then we replace
hi → hi + βh′i . (11)
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TABLE I. Couplings and values of the loop functions for the different channels at the resonance
energy for the f0(1370) and f0(1710) states.
ρρ K∗K¯∗ ωω φφ
gi(MeV) 7914− i1048 1210− i415 −39 + i31 12 + i24
error gi(%) 4 3 22 22
f0(1370) Gi(×10−3) −7.69 + i1.72 −4.13 + i0.26 −8.97 + i0.87 −0.63 + i0.14
error Gi(%) 10 29 42 220
gi(MeV) −1030 + i1087 7127 + i94 −1764 + i109 −2494 + i205
error gi(%) 12 6 2 2
f0(1710) Gi(×10−3) −9.7 + i6.18 −7.68 + i0.58 −10.85 + i8.19 −2.16 + i0.13
error Gi(%) 6 17 19 141
We have ignored the spin structure with the four vectors that we have in the production
vertex. One can easily implement it using the spin operators of Refs. [57, 58]. However, it
is unnecessary since we only calculate ratios between spin J = 2 states and J = 0 states
independently, and factors coming from the spin structure cancel in the ratios.
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TABLE II. Couplings and values of the loop functions for the different channels at the resonance
energy for the f2(1270), f
′
2(1525) and K¯
∗ 0
2 (1430) states.
ρρ K∗K¯∗ ωω φφ ρK¯∗ ωK¯∗ 0 φK¯∗ 0
gi(MeV) 10551 4771 −503 −771 0 0 0
error gi(%) 4 3 22 22 0 0 0
f2(1270) Gi(×10−3) −4.74 −3.00 −4.97 0.475 0 0 0
error Gi(%) 10 29 42 220 0 0 0
gi(MeV) −2611 9692 −2707 −4611 0 0 0
error gi(%) 12 6 2 2 0 0 0
f ′2(1525) Gi(×10−3) −8.67 −4.98 −9.63 −0.710 0 0 0
error Gi(%) 6 17 19 141 0 0 0
gi(MeV) 0 0 0 0 10613 2273 −2906
error gi(%) 0 0 0 0 3 5 5
K¯∗ 02 (1430) Gi(×10−3) 0 0 0 0 −6.41 −5.94 −2.70
error Gi(%) 0 0 0 0 12 19 43
III. RESULTS AND DISCUSSIONS
For the evaluation of the J/ψ decay into ω(φ) and a molecular VV state, the standard
formula for the width is given by
Γ =
1
8pi
1
M2J/ψ
|t|2q , (12)
with q = λ1/2(M2J/ψ,M
2
R,M
2
V )/2MJ/ψ, where MR stands for the mass of the VV resonance,
and MV refers to the mass of the vector meson, ω, φ or K
∗0, involved in the J/ψ decay. For
the evaluation of Γ and q in Eq. (12), we take the values of the masses of the resonances
given in Ref. [58], although, if the nominal masses of the resonances according to the PDG
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[79] are used instead, numerical results barely change. The ratios,
R1 ≡ ΓJ/ψ→φf2(1270)
ΓJ/ψ→φf ′2(1525)
R2 ≡ ΓJ/ψ→ωf2(1270)
ΓJ/ψ→ωf ′2(1525)
R3 ≡ ΓJ/ψ→ωf2(1270)
ΓJ/ψ→φf2(1270)
R4 ≡
ΓJ/ψ→K∗0K¯∗02 (1430)
ΓJ/ψ→ωf2(1270)
. (13)
are estimated as it was done in Ref. [63], but with the new weights given in Eqs. (7) and
(9), by using Eqs. (10), (11) and (12). In addition, we evaluate here three more ratios:
R5 ≡ ΓJ/ψ→ωf0(1370)
ΓJ/ψ→ωf0(1710)
R6 ≡ ΓJ/ψ→φf0(1370)
ΓJ/ψ→φf0(1710)
R7 ≡ ΓJ/ψ→ωf0(1710)
ΓJ/ψ→φf0(1710)
. (14)
First of all, the parameter β in Eq. (11) is fitted to get the experimental values of the
ratios of Eqs. (13) and (14). These values are gathered in the last column of Table III. In
the PDG [79], and for the J/ψ decay, we find experimental measurements for the decays
involved in the ratios Ri, i = 1, 3, 4, 7. While for R2, there is only an upper limit quoted
for Γ(J/ψ → ωf ′2(1525)) of 0.2 × 10−3, which has about 50% uncertainty. For this reason,
we include in the fit experimental data on the four ratios for i = 1, 3, 4, 7, while those
for i = 2, 5, 6 become predictions of the theory. We obtain, β = 0.32, with the values of
the ratios given in the fourth column of Table III. The fit passes the Pearson’s χ2 test at
a 90% upper confidence limit. Then, 95% confidence intervals (CI) are estimated using
two different methods: (I) The parameter β is kept fixed, and the ratios are evaluated by
generating random numbers of gi, Gi assuming those to be normally distributed with the
mean and standard deviation given by the central values and errors of these quantities as
shown in Tables I and II; (II) With bootstrap, by generating a new set of experimental data
of these ratios by assuming these are normally distributed, as well as for the input variables,
gi and Gi, and readjusting the β parameter. From this method, the error of the β parameter
is estimated as the standard deviation obtained. We get β = 0.3 ± 0.3. In both cases, (I)
and (II), the size of the generated random sample is n = 1000. Results are given in Table
III. For comparison, we also show the values of the ratios for β = 0 and 1, in the second
and third column of this table. In both methods, (I) and (II), the 95% CI obtained are
comparable. For the sample size used here, the 0.5 quantiles obtained are almost identical
to the values of the ratios for β = 0.32 in both methods, indicating that the sample is large
enough in the present problem, and we omit those in the table.
The experimental values fall inside the 95% CI for the ratios for i = 1, 3, 4, 7, and also
these come out similar to those of Table 7 in Ref. [63], showing a good agreement between
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TABLE III. Comparison of the 95% CI estimated by (I) fixing β and (II) readjusting β from a new
random data sample as explained in the text.
Ratio β = 0 β = 1 β = 0.32 CI
(I)
95% CI
(II)
95% Exp.
R1 0.087 0.22 0.14 (0.03, 0.5) (0.04, 0.4) 0.4± 0.2
R2 1.37 0.56 0.86 (0.4, 2.2) (0.3, 3.8) > 21± 11
R3 10.24 4.76 6.88 (4.0, 17.5) (3.9, 16.2) 13± 3
R4 1.76 0.59 1.13 (0.6, 2.2) (0.8, 1.5) 1.1± 0.2
R5 0.85 0.38 0.57 (0.3, 1.1) (0.3, 1.5) -
R6 0.010 0.08 0.034 (0.01, 0.1) (0.001, 0.1) -
R7 0.84 1.81 1.24 (0.8, 2.5) (0.5, 2.4) 1.3± 0.4
theory and experiment, and also with the theory used in Ref. [63]. For the ratio R2, we
obtain a value below the experimental lower limit, for which we are inclined to blame the
unprecise determination of the partial decay rate Γ[J/ψ → ωf ′2(1525)].
The results obtained here for the ratios i = 1, 3, 4 support the molecular VV nature
of the tensor resonances, f ′2(1270), f
′
2(1525) and K
∗
2(1430), investigated in Refs. [57, 58].
The new ratio R7 studied here is in perfect agreement with experiment, also supporting the
vector-vector nature of the scalar f0(1710).
Although, in principle, different values of β rather than that obtained in the fit, 0.32, are
possible, since the ratios obtained in the second and third columns are close or inside the 95
% CI given, β = 1 seems to be an unlikely situation for R4, according to the theory, because
it is out of the intervals (I) and (II). On the contrary, the experimental value for R3 seems to
favor small values of β. However, these more extreme situations cannot be rejected with total
confidence in the study done here, which favors an admixture of both terms, 〈V V V 〉 and
〈V V 〉〈V 〉. In any case, the results shown here for the four ratios i = 1, 3, 4, 7 provide further
support to the molecular interpretation of the f2(1270), f
′
2(1525), K¯
∗
2(1430) and f0(1710) of
Refs. [57, 58]. The predictions for the ratios i = 5, 6 involving the scalar resonances f0(1370)
and f0(1710) are also given in Table III, where R6 turns out to be very small, indicating
that the J/ψ → φf0(1370) decay is suppressed. This can be easily understood in terms of
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the dominant term in Eq. (2), since the pair of vectors that create the f0(1370) are the
K∗K¯∗ and φφ, but not ρρ which is the main building block of the f0(1370) [57, 58].
IV. SUMMARY AND OUTLOOK
We have correlated different decays of the J/ψ meson, like J/ψ → φ(ω)f0(1370)[f0(1710)],
J/ψ → φ(ω)f2(1270)[f ′2(1525)], and J/ψ → K∗0K¯∗02 (1430). These decay processes have in
common the production of a vector meson together with some f0, f2, K2 resonances, which
in previous works have been shown to be dynamically generated from the vector-vector
interaction. The assumptions made are very basic, starting from the J/ψ, being a cc¯ state,
is a singlet of SU(3), in the same way as a ss¯ state is a singlet of isospin SU(2). The nature
of these resonances as dynamically generated implies that the production process begins by
the J/ψ decaying into three vectors, followed by the interaction of a VV pair that leads to
the formation of these resoanances. Based on information gathered from related reactions,
we find that the two basic SU(3) invariant structures that can be made from three vector
SU(3) matrices, and are relevant to these reactions, are 〈V V V 〉 and 〈V 〉〈V V 〉, with the first
structure being dominant. We determine seven independent ratios that can be made with
these decay rates and fit the strength of the 〈V 〉〈V V 〉 structure versus the 〈V V V 〉 one. We
find indeed a relative strength of this term of 0.3. By means of this only parameter we can
obtain good results compared to experiment for four ratios. Two extra ratios have no data
to compare, and hence are genuine predictions of the theory, and one ratio disagrees with
the data, for which tentatively we blame the lack of experimental information on the J/ψ →
ωf ′2(1525) decay, with only upper bound known. While certainly future measurements of
the magnitudes involved in this ratio are most welcome, the overall agreement found with
most data, with rates that are quite different to each other, speaks much in favor of the
picture where these resonances are dynamically generated. The measurement of the rates
needed to determine the two predictions for which there is no data at present would provide
a further test for this idea and should be most welcome.
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